An investigation was conducted to determine how well sonographers clean transducers and other sonography-related equipment. Previous studies have shown that cross-contamination is possible between patients during a sonogram and may lead to nosocomial infections. The potential for infecting patients is now common knowledge, so research was conducted to establish how well sonographers are sterilizing the equipment. The equipment from the sonography departments of six hospitals and clinics was tested for the presence of bacteria and fungi. Growth was present at every facility. Although only normal skin flora, including yeast, were isolated, sonographers must be more diligent in the prevention of cross-contamination in patients.
ing this, what role does sonography play in the spread of these infections? Previous studies have proved that sonography has the potential to spread nosocomial infections through cross-contamination between patients. How well do sonographers clean potentially infected equipment? This study examines different sonography-related equipment for the presence of bacteria or fungi to answer this question.
Materials and Methods
The sonography departments from six metropolitan-area hospitals and outpatient clinics were included in this research. The sonography-related equipment that was tested included the most frequently used transducers according to each site, gel bottles, and blood pressure cuffs, which are used for arterial segmental studies (where applicable). A culturette swab moistened with sterile saline was used for the specimen collection. Only the transducer faceplate was swabbed because that is the part in direct contact with patients. The gel bottle tips were swabbed because that is the part most likely to come into contact with both patient and transducer. Also, if the gel was contaminated, it would have to pass through the tip, and the residual gel would demonstrate bacterial presence. Swabbings were taken from the blood pressure cuffs where they come into direct contact with the patient. Gloves were worn the entire time the specimens were collected to prevent contamination. The facilities did not know at what time of the day testing would be conducted. The specimen collection was performed in between patients. The cleaning of transducers varied for each facility. Transducer swabbings were taken from transducers as they were left prepared for the next patient.
Specimens were collected and tested on the same day. Testing was conducted in a microbiology lab at a local hospital. Specimens were tested for the presence of bacteria and/or fungus. The swabs were plated to Columbia agar with 5% sheep blood (Becton, Dickinson and Company), MacConkey II agar (Becton, Dickinson and Company), and inhibitory mold agar (IMA) (Becton, Dickinson and Company) plates, which were then streaked to isolation. Blood and MacConkey II plates were incubated at 36°C in a CO 2 incubator. These plates were held for five days and inspected every other day for the presence of growth. The IMA plates were incubated at 30°C in a non-CO 2 incubator. All IMA plates were held for two weeks and inspected weekly for growth. All plates were examined by a registered medical technologist.
The plates that were positive for growth were examined further. The bacterial colonies were identified by gram stain and biochemical tests. Identification was only carried out to the genus level. On all Staphylococcus species, a Staphaurex (Remel, Inc.) was performed to determine between S. aureus and coagulase-negative Staphylococcus. Gram stain and a germ tube were used to identify the positive fungal culture.
Results
There were positive cultures from every facility tested. Seven of the 20 (35%) transducers tested were positive for bacteria/fungus. One of the six (16.7%) gel tips was positive for growth. One of the two (50%) blood pressure cuffs had growth present. Three of the 28 (10.7%) specimens collected had multiple organisms grow. The organisms that grew include Candida sp., Micrococcus sp., coagulase-negative Staphylococcus sp. (beta-and gamma-hemolytic colonies), Corynebacterium sp., alpha-hemolytic Streptococcus sp., Neisseria sp., and an unidentified gram-positive rod and grampositive cocci. The unidentified gram-positive rod and cocci could not be identified because further testing was needed besides the gram stain and basic biochemical testing. The overall results are presented in Table 1 .
Discussion
Previous research has established that sonography equipment is a source of nosocomial infections. This becomes problematic for hospitals because nosocomial infections spread most commonly by direct contact. 1 Skin contains normal bacteria flora, as well as possible pathogenic bacteria. Abdominal swabbings taken of 191 women before a sonogram showed that 8% of the cultures were negative, 18% carried pathogenic organisms, and the remaining 73% had organisms of low virulence. 2 Sonographic transducers become infected when they come into contact with a patient's skin. Studies have shown that transmission occurs from patient to transducer. In the study mentioned previously, 60% of the 191 patients had infected the transducer. 2 O'Doherty et al. 3 swabbed patients before an examination and swabbed the transducer after the examination. Their results demonstrated that 19 patients were colonized with S aureus, a potentially pathogenic organism, before the examination. Four of the 19 (21%) had infected the transducers with the same strain of S aureus. 3 In this study, three of the seven transducers positive for growth had multiple organisms present. Another study had 84% of the transducers infected with multiple organisms. 4 The danger this poses to immunocompromised patients is real. The lowvirulent Staphylococcus epidermidis may have little effect on a healthy patient but may cause a serious infection to those who are immunocompromised. 5 There is also the potential for the transmission of antibiotic-resistant strains of bacteria. Ohara et al. 4 have reported that three of five transducers were positive for MRSA. 4 This study only tested the tips of gel bottles and not the gel itself. Bottle tips may become contaminated when they come into contact with either transducers or the patient's skin. The potential is there for possible contamination of the gel within the bottle. Ultrasound gel may contain 0.1% to 0.5% of a bacteriostatic agent (e.g., methyl benzoate). 1 Despite this, studies show that ultrasound gel has the capability of sustaining bacterial growth. A study conducted by Gaillot et al. 6 showed the colonization of patients with an extended-spectrum beta-lactamase (ESBL) producing Klebsiella pneumoniae. 6 This particular strain of bacteria produces an enzyme that inactivates certain antibiotics. Their research concluded with the isolation of the organism from the coupling gel used in the emergency department. A single container was used and would be refilled with gel as needed. The problem ceased once they stopped reusing the gel container. 6 Another study conducted in Japan inoculated and incubated ultrasound gel with S aureus, Escherichia coli, and Pseudomonas aeruginosa. Their results showed that P aeruginosa was less viable than S aureus and E coli. 1 This variation may be a source for future investigation. Remnant ultrasound gel on transducers has shown bacterial growth when allowed to grow overnight. 7 Because of potential gel contamination, sterile gel should be used when scanning near surgical sites or wounds. Sterile gel should also be used when scanning transvaginally. Although the vagina is host to normal vaginal flora, sonographers should not introduce bacteria to it.
The use of blood pressure cuffs in arterial segmental studies on patients with diabetes and peripheral vascular disease is a helpful tool in determining the extent of arterial disease. There is the potential for exposing patients to infection, especially among diabetics during the examination. Those patients suffering from diabetic ulcers or other wounds may contaminate or be exposed to any bacteria present on the blood pressure cuff. As far as it is known, no other studies have been conducted to examine the cross-contamination of blood pressure cuffs.
There has been interesting research regarding other sonography-related equipment. Spencer and Spencer 8 tested the sterility of stand-off pads (Kitecko) stored in tap water. They recovered heavy growths of Pseudomonas sp., other gramnegative rods, and aerobic spore bearers. The direction the transducer is placed in the probe box or holder is of importance. It was determined that transducers placed faceplate down in the probe holder demonstrated higher contamination rates. 7 Prevention of patient-to-patient cross-contamination is essential. Most sonography departments wipe off the transducers with either a paper or cloth towel. However, studies have shown that the use of paper alone is inefficient. About 1% of bacteria remain on transducers after wiping with paper alone. The use of 70% ethanol on transducers decreased the residual bacteria to below 0.01%. 1 Another study demonstrated the effectiveness of alcohol. After testing 33 swabs collected from transducers after an examination, 11 (33%) were contaminated. The swabs taken after wiping the transducers with alcohol wipes were found to be sterile. 8 However, research conducted by Karadeniz et al. 7 found that alcohol wipes did not remove some organisms such as E coli and P aeruginosa. Although the frequent use of alcohol or other disinfectants, such as chlorhexidine, is effective, there is a risk of damaging transducer faceplates. Should patients be wiped with alcohol wipes before their examination to reduce contamination of the transducer?
There are other suggestions for disinfecting sonography-related equipment. Instead of storing stand-off pads in water, keep them in a 0.02% chlorhexidine solution. It was determined to be safe to store the pads in this solution without degradation of the pad. 8 Most facilities use probe covers for transvaginal sonograms, but it has also been suggested to routinely use probe covers for every type of examination. Abdullah et al. 5 compared different types of covers based on price and preservation of the sonographic image. They discovered that the commercially available household cling wrap was the best for preventing the spread of infection.
In general, to prevent nosocomial infections, transducers should be wiped with alcohol or sprayed with T-Spray (Pharmaceutical Innovations, Inc.) between patients and at the end of the day to prevent overnight growth of bacteria. It was proposed that even sonographers might serve as sources of nosocomial infections. 5 Therefore, sonographers should wash their hands frequently and always wear gloves when scanning patients. The ultrasound machine should be wiped down daily. Gel bottles should not be reused, and tips should be wiped with alcohol daily. Blood pressure cuffs should be wiped down with alcohol; however, it is not known how this will affect its integrity.
This research was not funded, and it did have its limitations. It would have been ideal to have organisms identified to the species level. However, the purpose of this research was not bacterial or fungal identification but verification that there were organisms present. Because various sonography-related equipment was tested, the actual sampling for each equipment was small. It would have been interesting to test more facilities and see how many more organisms would grow. Future research may include the testing of transducer cords because they also may come into direct contact with the patient. It would also be interesting to see future research testing blood pressure cuffs for bacterial presence conducted on a bigger scale, as well as possible cleaning procedures to prevent cross-infection.
In conclusion, this research has shown that more needs to be done to prevent nosocomial infections in the sonography department. Infections are becoming harder to fight with the increase in antibiotic-resistant bacteria. Proper disinfection is imperative because prevention is the key to fighting infection. Despite previous research and increased availability of antiseptic sprays, transducers and other equipment are still not being cleaned well between patients. This article is not intended to reprimand anyone but serves as a reminder that we all need to do our part in protecting the patients.
